The inactivation of tumour suppressor genes by aberrant methylation of promoter regions has been described as a frequent event in neoplasia development, including lung cancer. The p16 gene is a tumour suppressor gene involved in the regulation of cell cycle progression that has been reported to be inactivated by promoter methylation in lung carcinomas at variable frequencies around the world in a smoking habit dependent manner. The purpose of this study was to investigate the methylation status of the promoter region of the p16 gene in 74 non-small cell lung carcinomas from Chile. The frequency of p16 gene inactivation by promoter methylation was determined as 79.7% (59/74). When we considered histological type, we observed that p16 promoter methylation was significantly higher in squamous cell carcinomas (30/33, 91%) compared with adenocarcinomas (21/30, 70%) (p=0.029). In addition, no association between p16 promoter methylation and gender, age or smoking habit was found (p=0.202, 0.202 and 0.147 respectively). Our results suggest that p16 promoter hypermethylation is a very frequent event in non-small cell lung carcinomas from Chile and could be smoking habit-independent.
INTRODUCTION
Lung cancer (LC) is the most common cause of cancer-related mortality in men and women around the world [Pisani et al., 2002; Greenlee et al., 2001] . In Chile, LC is the second cause of death in men and third in women [Szot, 2003] . LC is classified into 2 major types: small-cell lung carcinomas (SCLCs) and non-small cell lung carcinomas (NSCLCs). In Chile, 75% of LC cases are NSCLCs and squamous cell lung carcinomas (SQCs) range between 25% to 50% of the cases and have been associated to chronic smoking habit [Wistuba et al., 2002; Shields, 2002] . LC is the most deadly and aggressive cancer, and the prognosis is limited by the difficulties of diagnosing early stages. The conventional analysis of sputum, cytological or bronchioalveolar lavage associated to thorax radiological screening has not improved the survival of this disease [Cassidy et al., 2007] . The rapid advancement in molecular techniques may help to identify novel new diagnostic markers with high sensitivity and prognostic value for early detection of LC in high-risk subjects, such as chronic smokers [Wistuba, 2007] .
It has been demonstrated that aberrant CpG island methylation in the promoter region of tumour suppressor genes (TSGs) is an important epigenetic mechanism of gene silencing [Callinan and Feinberg, 2006] . The TSGs inactivation by hypermethylation is a common event described in human cancer, including LC [Esteller, 2003; Herman and Baylin, 2003] . In lung carcinomas, more than 30 silenced genes have been reported to be methylated such as p16 INK4a (p16), RAR-β (retinoic-acid receptor β) and E-cadherin [Zochbauer Muller et al., 2001] . The p16 TSG located on 9p21 chromosome encodes a cyclin dependent kinase, a key protein regulator of progression through the G1 phase of the cell cycle [Berger and Bardeesy, 2007] . The p16 protein plays an important role in the binding and inhibition of cyclin D kinase activity and then regulating the phosphorylation of the retinoblastoma protein (p105Rb) [Wikenheiser-Brokamp, 2006] .
Recent studies demonstrated that aberrant p16 promoter methylation is an early and critical event in the NSCLCs development [Hilbe et al., 2004] , and it has been observed in serum and sputum of chronic smokers without clinical disease [Belinsky, 2007] . It has been reported that aberrant p16 promoter methylation is smoking habit associated, however TSGs methylation in non-smoker subjects has been detected [Liu et al., 2006; Nakata et al., 2006] . In addition, p16 promoter methylation has been shown to correlate with the progression of the malignancy in LC patients [Tanaka et al., 2005] . Taken together, p16 inactivation by promoter hypermethylation may be a useful precocity marker of LC development in high-risk subjects such as heavy smokers. Moreover, methylation is a reversible epigenetic event, thus the use of some drugs such as 5-deoxyazacytidine would be a very important future tool for the treatment of LC patients [Momparler, 2005] . We previously reported a high p16 promoter methylation prevalence in SQCs from Santiago de Chile [Adonis et al., 2006] , and now our goal is to increase the size of analyzed samples including Adenocarcinomas (ACs) and Large cell carcinomas (LCCs) and establish clinical associations with other clinical parameters such as smoking habit.
MATERIALS AND METHODS

Patients and Samples
Primary tumour specimens were obtained from 74 patients undergoing surgical resection or biopsy of SCLC. There were 33 SQCs, 30 ACs, 8 LCCs and 3 specimens without histological information. Twentytwo samples were fresh frozen tissue and 52 specimens corresponded to archival paraffin embedded tissue. The specimens collected prospectively (fresh tissue) were snap-frozen at -80°C after initial histopathological examination and were diagnosed with stage I to III at Instituto Nacional de Enfermedades Respiratorias, Santiago, Chile. The paraffin embedded tissue specimens were diagnosed in the Hospital Salvador, Santiago, Chile during the period between 1998 and 2003.
DNA extraction and Methylation-Specific PCR
Ten μm-thick sections of each formalinfixed paraffin-embedded sample were used. The samples were treated with 1 mL of xylene, and then with 1 mL of ethanol. After centrifugation, the pellet was resuspended in digestion buffer (50 mM Tris-Cl pH 8.0, 1 mM EDTA pH 8.0, 0.5% Tween 20) containing 200 μg of Proteinase K (Life Technologies, Inc) and incubated during 24 hours at 56°C. Then the solution was heated to 100ºC for 10 min and centrifuged to 10,000 rpm for 10 min. Phenol-chloroform extraction was made in all the samples and the DNA was precipitated with double volumes of ethanol [Coombs et al., 1999] . Genomic DNA was purified from frozen tumours by digestion with 200 μg/mL Proteinase K (Life Technologies, Inc) for incubation at 50ºC overnight, followed by extraction using the Wizard genomic DNA purification kit (Promega Corp., Madison, WI), following the instructions of the manufacturer. After the DNA purification, the adequacy of the samples for PCR was determined by amplification of the betaglobin gene. The primer sequences are indicated in Table I . For analysis of methylation patterns within the 5'-CpG island of the promoter region and upstream region of exon 1 of p16 gene, 1μg of purified genomic DNA from each sample was used. The DNA was denatured with sodium hydroxide and modified with sodium bisulfite (Sigma Chemical Co., St Louis, MO), as described previously [Herman et al., 1996] . The modified DNA was purified using the Wizard Cleanup system (Promega Corp., Madison, WI). In order to amplify p16 methylated and non-methylated regions a nested MSP protocol was used as described [Fan X et al., 2002; Herman JG et al., 1996] . Primer sequences for both the methylated and the unmethylated form of the p16 promoter region, annealing temperature, and the expected PCR product sizes are summarized in Table I . In order to amplify p16 promoter fragment in the first PCR (outer primers), 2 μL of modified DNA were used and the reaction mix contained 1X PCR buffer (16.6 mM (NH 4 ) 2 SO 4 , 67 mM Tris pH: 8.8, 6.7 mM MgCl 2 , 10 mM 2-mercaptoethanol), 1.2 mM dNTPs, 1.6 mM each primer, 2.5 U Taq Gold DNA polymerase (Applied Biosystem) and 5.2% DMSO in a final volume of 25 μL. The PCR conditions were initial denaturation at 94ºC for 7 min, 35 amplification cycles of denaturation at 94ºC for 30 s, annealing at 56ºC for 30 s, and extension at 72ºC for 30 s. Using 1 μL of the first PCR product, a second PCR using inner methylated and unmethylated specific primers and 40 cycles of amplification was made. The annealing temparature was adjusted at 55ºC. Genomic DNA from gallbladder treated with SssI methyltransferase (New England Biolabs) served as a positive control. Negative controls without DNA were included. The hypermethylation status of the p16 promoter region was determined by analysis of PCR products in 8% polyacrylamide gels after silver nitrate staining.
Statistical analysis
Statistical analyses were performed using Fisher's exact test and two sided p-values were presented. A P value less than 0.05 was considered statistically significant.
RESULTS
In this study we determined the frequency of p16 promoter hypermethylation in NSCLCs from Chile confirmed by histology. We used a MS-PCR method that allows to detect methylated and unmethylated regions in the genome [Adonis et al, 2006] . The primers used in this report are described in Table I . All the used NSCLC specimens for methylation analysis were beta-globin gene positive because of the positive amplification of a 110 bp fragment in the (Table 4 ). However in AC we found that p16 promoter methylation was more frequent in highly differentiated (7/8, 87.5%) compared with moderately (7/12, 58.3%) or poorly (6/ 9, 66.7%) differentiated carcinomas. These differences were not statistically significant (Table 4 , p=0.163). [Herman et al., 1995] and this methylation implied loss of p16 transcriptional expression that was reversible after treatment with 5-deoxyazacytidine [Merlo et al, 1995] . After these findings, other reports showed that the p16 promoter region was methylated in lung cancer at frequencies between 20 to 70% [Belinsky et al., 1998; Nuovo et al., 1999] . Previously, we reported that the p16 promoter is methylated in 86% of patients with SQC, a high prevalence compared with other studies around the world [Adonis et al., 2006] . For this reason, we decided to increase the size of our initial study, including other histological types as ACs and LCCs. In this report, a very frequent p16 promoter methylation in NSCLCs from Chile was found (79.7%). In addition, when we stratified by histological type we observed that p16 promoter methylation was higher in SQCs (90.9%) compared with ACs (70%) and this difference was statistically significant (p=0.029). Overall, the p16 promoter methylation has been reported more frequently in SQCs compared with ACs [Belinsky, 2004; Digel et al., 2005] and accordingly with the frequent central location of SQCs compared with the peripheric location of ACs [Travis et al., 2004; Wistuba, 2007] . This higher p16 promoter methylation in SQCs is probably related to smoking habit which is considered a risk factor for SQC development. Some reports described a significant association between methylation of some genes such as p16 or MGMT and smoking habit [Liu et al., 2006; Nakata et al., 2006; Toyooka et al., 2003] . However in our study we found that p16 promoter methylation was independent of smoking habit. Moreover, p16 promoter methylation was more frequent in non-smokers compared with smokers, although this [Belinsky et al., 2002] . In addition, the carcinogenic role of polycyclic aromatic hydrocarbons (HAP) present in smoke fumes and environmental contamination in lung cancer development has been well established [Gil et al., 2000; Hecht, 1999] . The carcinogenic mechanism implies adduct formation in the genetic material and is highly dependent of host factors [Hecht, 1999] . These observations are relevant to this study because the most of the patients come from Santiago (Salvador Hospital and Thorax Hospital), one of the most polluted cities worldwide [Adonis et al., 2000; Gil et al., 2000] . These compounds include polycyclic aromatic compounds as benzo-α-pyrene which is a potent carcinogen. How the carcinogens present in the air, including cigarette fumes, may be involved in aberrant TSG methylation such as p16 gene, remain to be elucidated. The very high frequency of p16 promoter methylation detected in this study compared with previous reports [Belinsky, 2004] and moreover, the very high p16 promoter methylation prevalence in nonsmokers (91%, Table II) allows us to speculate that other environmental factors acting synergistically or not, are involved in this epigenetic alteration. These other factors may be related to cigarette smoke exposure which is difficult to evaluate in the population within environmental pollution and contamination such as ocurs in Santiago de Chile.
The p16 promoter methylation has been suggested as an early detection marker of lung cancer. In fact, p16 promoter methylation has been detected in early lesions and preneoplastic lesions of the lung. In SQC, p16 promoter methylation has been suggested to occur in squamous dysplasia and metaplasia and then it is possible to detect it in high-risk individuals such as heavy smokers [Wistuba, 2007] when no clinical evidence is observed. It has been reported that p16 methylation may be detected in serum or sputum from heavy smokers three years previous to clinical detection by conventional methods [Belinsky et al., 2006] as radiology or sputum cytology. Future studies should be focused on this area.
In conclusion, our report showed high p16 promoter methylation prevalence in NSCLCs from Chile that was significantly more frequent in SQCs compared with ACs. The p16 promoter methylation was smoking habit-independent. 
